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缩略语中英文对照表 
缩写 英文 中文 
ROS Reactive oxygen species 活性氧 
SOD Superoxide dismutase 超氧化物歧化酶 
CAT Catalase 过氧化氢酶 
GPX Glutathione peroxidase 谷胱甘肽过氧化物酶 
MDA malondialdehyde  丙二醛 
One way-ANOVA One way analysis of variation 单因素方差分析 
M Mean 平均数 
SD Standards deviation 标准偏差 
ATPase Adenine triphosphatase 腺苷三磷酸酶 
SFA Saturation fatty acid 饱和脂肪酸 
UFA Unsaturation fatty acid 不饱和脂肪酸 
MUFA Monounsaturation fatty acid 单不饱和脂肪酸 
PUFA Polyunsaturation fatty acid 多不饱和脂肪酸 
PBS Phosphates buffer solution 磷酸缓冲液 
IPG Immobiline pH gel 固相化 pH 胶条 
IEF Isoelectrophoresis focusing 等电聚焦 
SDS Sodium dodecyl sulfate  十二烷基硫酸钠 
PAGE Polyacrylamide gel electrophoresis 聚丙烯酰胺凝胶电泳 
2D-E Two-dimensional electrophoresis 双向电泳 
MS Mass spectrometric 质谱分析 

























- A-1 - 






性一般较高。冬季宁海海区青蟹鳃,肝胰腺和肌肉中 SOD 和 CAT 活性以及 MDA



































































































Physiological and Biochemical Mechanism of Low Temperature 
Effects on Scylla serrata 
 
Effects of low temperature on physiological and biochemical changes of Scylla 
serrata were studied by the following methods, e.g. common biochemical analysis, 
enzymology, gas chromatography, SDS-PAGE, 2D-E and electromicroscope et al.. 
Mud crabs in experiments were from different seasons and waters, or treated under 
low temperature stress, or acclimated under low temperature. This study was involved 
in antioxidant effects, ATPase activity, biochemical compositions and functional 
proteins of Scylla serrata. Results were showed as follows: 
1 Seasonal variation of antioxidant effect was highly correlated with temperature in S. 
serrata. The activities of antioxidant enzymes were commonly higher in summer than 
the other seasons. The activities of SOD and CAT in different organs or tissues in 
Ninghai waters were higher than those in Xiamen waters. MDA was also higher in 
Ninghai waters. The activities of SOD,CAT and GPX in gills of S. serrata increased 
with decreasing temperature of acclimation; the activities of SOD,CAT and GPX in 
hepatopancreas and muscles decreased with decreasing temperature of acclimation; 
the content of MDA increased with decreasing temperature of acclimation. There was 
an obvious temperature compensation effect on changes of antioxidant enzyme 
activities in S. serrata after different time of low temperature stress. But beyond the 
ability of physiological regulation, the poisonous substance was accumulated in cells 
and resulted in cell apoptosis.  
2 Seasonal variations of the activities of Na+, K+-ATPase, Mg2+-ATPase, Ca2+-ATPase 
and Ca2+, Mg2+-ATPase were different in different organs or tissues of S. serrata 
respectively. As far as individual organ or tissue was concerned, seasonal variations of 
four ATPase activities were conformable, which showed that the maintenance of Na+, 













Dissertation for degree of doctor of philosophy of Xiamen university  
- A-5 - 
cell. The activities of four ATPases in Ninghai waters were higher than those in 
Xiamen waters in different organs or tissues in winter, showing that enzyme activity 
was high in the waters where temperature was low. After 3-week acclimation of low 
temperature, four ATPase activities in gills and hepatopancreas were higher than those 
of 27℃group, which was used to maintenance the basic physiological metabolism. 
Change of ATPase activity in muscle were fluctuating, and sometimes ATPase activity 
decreased with decreasing of acclimation temperature, which indicated that obstacles 
of physiological functions appeared after cell was exhausted by the maintenance of 
physiological metabolism in muscle.After different time of low temperature stress, 
four ATPase activities in gills firstly decreased, then increased, and decreased at last. 
The activity changes of Na+, K+-ATPase, Mg2+-ATPase and Ca2+-ATPase in 
hepatopancreas was conformable with those in gill, but Ca2+,Mg2+-ATPase activity in 
hepatopancreas increased gradually with the extension of low temperature stress. 
Changes of activities of four ATPases in muscle were not obvious after different time 
of low temperature stress. 
3 Content of soluble proteins in S.serrata was the lowest in summer, while the highest 
value occurred in winter. The value of Ninghai waters was lower than that of Xiamen 
in winter. After 3-week acclimation of low temperature, change of soluble protein 
wasn’t significant in gills. Content of soluble proteins increased in hepatopancreas 
with decreasing temperature of acclimation, but which increased in muscle only in 15
℃-acclimation group. Soluble proteins increased firstly under low temperature stress, 
then fluctuating changes appeared, reduced obviously at last. 
Soluble sugars were the highest in spring ,while the lowest in summer. There 
wasn’t the significant difference between two waters in winter. Certain changes of 
soluble sugars appeared in different organs or tissues respectively after different time 
of low temperature stress. Soluble sugars increased after 2 hours, then decreased 
gradually in gills, while decreased fluctuating in hepatopancreas and muscle. After 
3-week acclimation of low temperature, soluble sugars were higher in 15℃
-acclimation group than those in 27 ℃  group. However, when acclimation 















initiative adaptation was conducted by S.serrata in certain low temperature, and when 
temperature is further reduced, the passive adaptation was adopted to maintenance 
basal living by consuming sugars. 
Seasonal variations of fatty acid compositions of cell membranes and tissues of 
S.serrata were affected by multifactors in Xiamen waters, especially by food. Fatty 
acid compositions of cell membranes of gills and hepatopancreas were different 
between Ninghai and Xiamen waters in winter, but there wasn’t the significant 
difference in cell membranes of muscle. In any kind of organs or tissues, there was no 
significant difference on fatty acid compositions between two waters. After 3-week 
acclimation of low temperature, certain changes of fatty acid compositions appeared 
in different organs or tissues. Fatty acid saturation index (∑SFA/∑UFA) decreased 
in cell membranes of different organs or tissues, which was used to maintenance 
membrane fluid in low temperature condition, 
4 Seasonal variations of soluble proteins composition only indicated quantity changes 
in gills and hepatopancreas of S. serrata, and specific proteins didn’t appear, but there 
was a specific protein of 42kD in muscle in summer. There wasn’t difference on 
specific protein between Ninghai and Xiamen waters in winter. After 3-week 
acclimation of low temperature, soluble protein compositions in gills, hepatopancreas 
and muscle in 5℃-acclimation group were almost conformable with those in 10℃
-acclimation group respectively. While 15 ℃ -acclimation group was almost 
conformable with 27℃ group。Expression quantity of lots of soluble proteins 
increased in gills and hepatopancreas of S.serrata under low temperature stress, which 
indicated that it was a protective reaction. Changes of soluble proteins weren’t 
obvious in muscle. 
5 There was difference in expression of proteins from 2D-E in gills, hepatopancreas 
and muscle of S.serrata between summer and winter, or between Xiamen and Ninghai 
waters. Specific proteins of seasons could be acted as seasonal indicator proteins. 
Specific proteins of waters were probably acted as ecological indicator proteins. After 
3-week acclimation of low temperature, protein expression showed dynamic change 
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proteins lost continuously. Specific functional proteins were variable in different 
organs or tissues. Comparison with 27℃ group,  specific proteins in 5℃ and 10℃
-acclimation groups increased, which were mor than that in 15℃-acclimation group. 
Most of specific proteins in 5℃ and 10℃-acclimation group were matched in gills, 
hepatopancreas and muscle, which showed that the same pattern of low temperature 
adaptation was adopted, and was different to 15℃-acclimation group.  
6 Mitochondria shapes in gill lobe cell were variable. Changes of shapes weren’t 
obvious under low temperature acclimation. Density of mitochondria increased in 10
℃ -acclimation group contrasting to 27℃  group, however, decreased in 5℃
-acclimation group, which was lower than 10℃-acclimation group, showing that 
apoptosis of mitochondria appeared when acclimation temperature was further 
reduced. 
By combining biochemistry, physiology and cytobiology of S.serrata under low 
temperature, the following conclusions were drawn: (1) Different response patterns 
are adopted among different organs or tissues, and different regulation modes are used 
in different temperatures when S.serrata was exposed to low temperature. (2) 
Changes of specific functional proteins are dynamic, the number of which increased 
with decreasing temperature of acclimation. (3) There is a hierarchical sequence of 
self-protection among different organs or tissues of S.serrata.(4) Seasonal variations 
of physiology and biochemistry of S.serrata were affected by multifactors, in which 
temperature is a crucial factor.(5) Adaptation of S.serrata under low temperature in 
different waters is variable. 
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